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sodium  sulphite  solution  to  result  in  increased  wet  stretch 
and  stress-strain  properties  while  retaining  high  drainage 
and  avoiding  substantial  yield  loss.  Strength  properties  of 
dried  paper  are  enhanced  and  energy  requirements  to  obtain 
improved  pulp  quality  in  the  second  stage  of  refining  are 
less. 



The  p r e s e n t   i n v e n t i o n   is   d i r e c t e d   to  t h e   f o r m a t i o n   o f  

i m p r o v e d   m e c h a n i c a l   wood  p u l p s   u s e f u l   f o r   s u b s t i t u t i o n   f o r  

c h e m i c a l   p u l p s .  

The  t e r m   " m e c h a n i c a l   p u l p "   as  u s e d   h e r e i n   h a s  

i t s   n o r m a l   m e a n i n g   in   t h e   a r t   and  r e f e r s   to   t h e   p r o d u c t   o f  

d i s r u p t i o n   of  a  woody  s u b s t a n c e   by  m e c h a n i c a l   a c t i o n   t o  

y i e l d   a  p r o d u c t   c o n s i s t i n g   m a i n l y   of  l i b e r a t e d   and  s e p a r a t e d  

s i n g l e   woody  f i b r e s   and  t h e i r   f r a g m e n t s   and  w h i c h   i s  

s u i t a b l e   f o r   use   in   t h e   m a n u f a c t u r e   of   p a p e r .  

The  t e r m   " f i b r e "   as  u s e d   h e r e i n   a l s o   has   i t s   n o r m a l  

m e a n i n g   in  t h e   a r t   and  r e f e r s   to  i n d i v i d u a l   p l a n t   c e l l s   w h i c h  

make  up  t h e   woody   m a t e r i a l   and  w h i c h ,   in  s o f t w o o d s ,   a r e  

known  b o t a n i c a l l y   as  p a r e n c h y m a   c e l l s   and  t r a c h e i d s .   T h e s e  

f i b r e s   i n h e r e n t l y   h a v e   d i a m e t e r s   g e n e r a l l y   b e l o w   0 . 0 5   mm  a n d  

in  t h e   c a s e   o f   wood  s p e c i e s   commonly   u s e d   in   p u l p   f o r m a t i o n  

and  p a p e r   m a k i n g ,   s u c h   a s ,   s p r u c e ,   b a l s a m ,   p i n e ,   a s p e n   a n d  

p o p l a r ,   c o n s i d e r a b l y   b e l o w   0 . 0 5   mm. 
" R e f i n e r   p u l p s "   a r e   a  c l a s s   of   m e c h a n i c a l   p u l p s   f o r m e d  

by  p a s s i n g   p a r t i c u l a t e d   c e l l u l o s i c   f i b r o u s   m a t e r i a l ,   u s u a l l y  
wood  c h i p s   t h r o u g h   a  s m a l l   gap  b e t w e e n   two  r i b b e d   p a r a l l e l  

P l a t e s   r o t a t i n g   w i t h   r e s p e c t   to  e a c h   o t h e r   (known  as  a  d i s c  

r e f i n e r ) .   The  p r o c e d u r e   may  be  e f f e c t e d   a t   a t m o s p h e r i c  

p r e s s u r e ,   t h e   p r o d u c t   b e i n g   known  as  " r e f i n e r   m e c h a n i c a l   p u l p "  

(RMP),  or  u n d e r   p r e s s u r e ,   t y p i c a l l y   a b o u t   I  to  2  a t m o s p h e r e s  

g r e a t e r   t h a n   a t m o s p h e r i c   p r e s s u r e ,   and  a t   e l e v a t e d   t e m p e r a t u r e ,  

s u c h   a s ,   a b o u t   1 2 0 ° C ,   t h e   p r o d u c t   b e i n g   known  a s  " t h e r m o -  

m e c h a n i c a l   p u l p "   (TMP).  The  r e f i n i n g   p r o c e s s   u s u a l l y   i s   e f f e c -  

t e d   in  two  s t a g e s .   In  t h e   f i r s t   s t a g e ,   t h e   f i b r e s   a r e  

s e p a r a t e d   and  l i b e r a t e d   and  in   t h e   s e c o n d   s t a g e ,   a d d i t i o n a l  

r e f i n i n g   e n e r g y   i s   s u p p l i e d   to  i n c r e a s e   t h e   f i b r e   f l e x i b i l i t y  

and  c o n f o r m a b i l i t y ,   f i b r i l l a t i o n   and  b o n d i n g .   U s u a l l y   a b o u t  



h a l f   t h e   o v e r a l l   r e f i n i n g   e n e r g y   of   a b o u t   100  to   a b o u t   1 2 0  

h o r s e p o w e r - d a y s   p e r   t on   i s   a p p l i e d   to   t h e   f i b r e - l i b e r a t i o n   s t a g e .  

B e c a u s e   m e c h a n i c a l   wood  p u l p s   can  be  made  in   y i e l d s  

o v e r   95%  w i t h   m i n i m a l   p o l l u t i o n   p r o b l e m s ,   t h e r e   i s   s t r o n g  

i n c e n t i v e   to   i n c r e a s e   t h e i r   u s a g e   in   p a p e r   m a n u f a c t u r e .  

In  g e n e r a l ,   h o w e v e r ,   i t   i s   n o t   p o s s i b l e   to   t r a n s p o r t   a  s h e e t ,  

f o r m e d   e n t i r e l y   of   m e c h a n i c a l   p u l p ,   a t   h i g h   s p e e d   t h r o u g h  

t h e   f o r m i n g ,   p r e s s i n g ,   d r y i n g   a n d  r e e l i n g   s e c t i o n s   of   t h e  

p a p e r   m a k i n g   m a c h i n e ,   w i t h o u t   an  u n a c c e p t a b l e   n u m b e r   o f  

b r e a k s .   C h e m i c a l   p u l p   i s   u s u a l l y   a d d e d   to   t h e   f u r n i s h   t o  

i m p r o v e   i t s   m a c h i n e   r u n n a b i l i t y .   T r a d i t i o n a l l y   n e w s p r i n t   i s  

m a n u f a c t u r e d   f r o m   a  f u r n i s h   c o n s i s t i n g   of   a b o u t   t h r e e   p a r t s  

g r o u n d w o o d   or   o t h e r   m e c h a n i c a l   p u l p   a n d  o n e   p a r t   c h e m i c a l  

p u l p .  

" R u n a b i l i t y "   r e f e r s   to   t h a t   c o m b i n a t i o n   o f   p r o p e r t i e s  

w h i c h   a l l o w s   t h e   we t   web  to   be  t r a n s p o r t e d   a t   h i g h   s p e e d  

t h r o u g h   t h e   f o r m i n g ,   p r e s s i n g   and  d r y i n g   s e c t i o n s   of   t h e  

p a p e r   m a k i n g   m a c h i n e   and  a l l o w s   t h e   d r y  s h e e t   t o   be  r e e l e d  

and  p r i n t e d   w i t h   n o t   more   t h a n   an  a c c e p t a b l e   n u m b e r   o f   b r e a k s .  

In  e f f e c t ,   r u n a b i l i t y   i s   a  m e a s u r e   of   t h e   e f f i c i e n c y   w i t h  w h i c h '  

t h e   p a p e r   p a s s e s   t h r o u g h   t h e   p a p e r   m a c h i n e   and   p r i n t i n g   p r e s s .  

The  c h e m i c a l   p u l p   c o m p o n e n t   i s   u s u a l l y   m a n u f a c t u r e d  

by  t h e   k r a f t   or   s u l p h i t e   p r o c e s s   in   y i e l d s   r a n g i n g   f r o m   a b o u t  

45  to   65%.  C h e m i c a l   p u l p s   a r e   e x p e n s i v e ,   make  h e a v y   d e m a n d s  

on  t h e   m i l l s   wood  r e s o u r c e s ,   and  e n t a i l   f o r m i d a b l e   p o l l u t i o n  

p r o b l e m s .   As  a l r e a d y   n o t e d ,   m e c h a n i c a l   wood  p u l p s   a r e  
o b t a i n e d   in  y i e l d s   in   e x c e s s   of   95%  w i t h   m i n i m a l   p o l l u t i o n  

p r o b l e m s .  

D e s p i t e   a l l   t h e   d i s a d v a n t a g e s   a s s o c i a t e d   w i t h   t h e   u s e  
of   c h e m i c a l   p u l p s ,   t h e y   a r e   g e n e r a l l y   e m p l o y e d   in   m a k i n g   n e w s -  
p r i n t   b e c a u s e   r u n a b i l i t y   i s   t h e   key   to   p a p e r   m a k i n g   m a c h i n e  

and  p r e s s - r o o m   e f f i c i e n c y ,   w h i c h   in   t u r n   i s   t h e   key   to   p r o f i t -  
a b i l i t y .  

In  a c c o r d a n c e   w i t h   t h i s   i n v e n t i o n ,   t h e r e   i s   p r o v i d e d  

a  p r o c e s s   f o r   t h e   f o r m a t i o n   of   an  i m p r o v e d   r e f i n e r   p u l p   w h i c h  

i s   s u i t a b l e   f o r   u s e   as  a  r e p l a c e m e n t   f o r   c h e m i c a l   p u l p s   i n  

many  a p p l i c a t i o n s ,   i n c l u d i n g   n e w s p r i n t   f u r n i s h .  



The  p r o c e s s   of   t h i s   i n v e n t i o n   r e s u l t s   in   an  i n c r e a s e  

in  t he   e l o n g a t i o n   to  r u p t u r e   ( h e r e i n a f t e r   known  as  " w e t  

s t r e t c h " )   and  an  i m p r o v e m e n t   in  t h e   s t r e s s - s t r a i n   p r o p e r t i e s  

of   t h e   wet   web  f o r m e d   f rom  t h e   p u l p ,   w h i l e   s i m u l t a n e o u s l y  

m a i n t a i n i n g   r a p i d   d r a i n a g e .   We  have   d i s c o v e r e d   a  h i t h e r t o  

unknown  p h e n o m e n o n   t h a t   h i g h   wet   s t r e t c h   and  h i g h   wet  s t r e s s -  

s t r a i n   c h a r a c t e r i s t i c s ,   in   c o m b i n a t i o n   w i t h   r a p i d   d r a i n a g e ,  

a r e   t h e   f u n d a m e n t a l   p u l p   p r o p e r t i e s   w h i c h   i m p r o v e   t h e  

r u n a b i l i t y   of  a  n e w s p r i n t   f u r n i s h .  

The  f i b r e - t o - f i b r e   b o n d i n g   w i t h i n   a  d ry   p a p e r   s h e e t  

f o r m e d   f rom  the   p u l p   p r o d u c e d   by  t h e   p r o c e s s   of  t h e   i n v e n t i o n  

i s   i m p r o v e d ,   t h e r e b y   r e s u l t i n g   in  t h e   d e s i r a b l e   p r o p e r t i e s  

of   i n c r e a s e d   t e n s i l e   and  b u r s t   s t r e n g t h s   and  i n c r e a s e d  

s h e e t   d e n s i t y .  

One  i m p o r t a n t   f e a t u r e   of   t h i s   i n v e n t i o n   i s   t h a t   t h e r e  

is   f o r m e d   a  r e f i n e r   p u l p   w h i c h   can  be  u s e d   as  a  

s u b s t i t u t e ,   in  w h o l e   or   in   p a r t ,   f o r   c h e m i c a l   p u l p   in  m a n y  

of  i t s   a p p l i c a t i o n s   and  w h i c h   r e s u l t s   f r o m   a  p r o c e d u r e   w h i c h  

does   n o t   p r o d u c e   more   t h a n   i n s i g n i f i c a n t   q u a n t i t i e s   of   p o l l u -  

t i n g   e f f l u e n t s ,   in  c o m p l e t e   c o n t r a s t   to  c h e m i c a l   p u l p i n g   p r o -  

c e d u r e s , w h e r e   l a r g e   q u a n t i t i e s   of  p o l l u t i n g   e f f l u e n t s   m u s t   b e  

h a n d l e d .   The  o v e r a l l   e n e r g y   r e q u i r e m e n t s   of   t h e   r e f i n i n g  

o p e r a t i o n   to  p r o v i d e   a  p r e d e t e r m i n e d   l e v e l   of   p u l p   q u a l i t y  

a l s o   a r e   d e c r e a s e d ,   as  c o m p a r e d   w i t h   t h e   c o n v e n t i o n a l   r e f i n e r  

p u l p - f o r m a t i o n   o p e r a t i o n .  

The  p r o c e s s   of   t h e   i n v e n t i o n   c o m p r i s e s   t h r e e   s t e p s ,  

n a m e l y   (a)  s u b j e c t i n g   p a r t i c u l a t e d   c e l l u l o s i c   f i b r o u s   m a t e r -  

i a l   to  m e c h a n i c a l   a c t i o n   in   a  d i s c   r e f i n e r   to   fo rm  a  p u l p  

c o n s i s t i n g   m a i n l y   of   s i n g l e   f i b r e s   and  f r a g m e n t s   t h e r e o f ,  

(b)  c h e m i c a l   r e a c t i o n   of  t h e   p u l p   w i t h   a  s o l u b l e   s a l t   o f  

s u l f u r o u s   a c i d   u n d e r   c e r t a i n   p r e c i s e   e l e v a t e d   t e m p e r a t u r e  
and  p r e s s u r e   c o n d i t i o n s   as  d e t a i l e d   b e l o w ,   and  (c)  s u b j e c t i n g  
t h e   c h e m i c a l l y - t r e a t e d   p u l p   to   m e c h a n i c a l   a c t i o n   to   r e f i n e   t h e  

same  and  i m p r o v e   t h e   p u l p   q u a l i t y .  

The  c e l l u l o s i c   f i b r o u s   m a t e r i a l   s p e c i e s   and  r e f i n i n g  
c o n d i t i o n s   r e q u i r e d   to   m a n u f a c t u r e   a  u s a b l e   m e c h a n i c a l   p u l p  
a r e   w e l l   known  to  t h e   a r t .   For   e x a m p l e ,   i t   i s   w e l l   k n o w n  
t h a t   mos t   h a r d w o o d s   c a n n o t   be  r e f i n e d   to  y i e l d   m e c h a n i c a l  



p u l p s   w i t h   a d e q u a t e   s t r e n g t h s .   A p p l i c a t i o n   of   t h e   i n v e n t i o n  

is   r e s t r i c t e d   to   r e f i n e r   p u l p s   w h i c h   a r e   g e n e r a t e d   f r o m   s o f t -  

w o o d s ,   or   o t h e r   c e l l u l o s i c   f i b r o u s   m a t e r i a l  s p e c i e s   w h i c h   a r e  

r e c o g n i z e d   in  t h e   i n d u s t r y   as  b e i n g   s u i t a b l e   f o r   t h e   p r e p a r a -  

t i o n   of   r e f i n e r   p u l p s .   The  i n v e n t i o n   i s   d e s c r i b e d   f u r t h e r  

w i t h   p a r t i c u l a r   r e f e r e n c e   to   wood  s p e c i e s .  

The  t h r e e   i n d i v i d u a l   s t e p s   c o m p r i s i n g   t h e   p r o c e s s  

of   t he   i n v e n t i o n   a r e   d i s c u s s e d   s e p a r a t e l y   b e l o w :  

STEP  (a)  F i b r e   S e p a r a t i o n  

A  wood  f i b r e   c o n s i s t s   e s s e n t i a l l y   o f   a  c e l l   w a l l ,  

whose   o u t e r   s u r f a c e   i s   made  up  o f   c e l l u l o s e - r i c h   f i b r i l l a r  

l a y e r s   known  as  t h e   S1  and  S2  l a y e r s .   In  wood ,   t h e   s p a c e  

b e t w e e n   t h e   f i b r e s ,   known  as  t h e   m i d d l e   l a m e l l a e ,   i s   f i l l e d  

w i t h   a  l i g n i n - r i c h   m a t e r i a l .  

The  p r o c e s s   o f   t h e  i n v e n t i o n   r e q u i r e s   t h a t ,   in   t h e  

i n i t i a l   l i b e r a t i o n   of   t h e   f i b r e   f rom  t h e   wood  i n   a  d i s c  

r e f i n e r ,   t h e   f r a c t u r e  o c c u r s   m a i n l y   in   t h e   S1  and   S2  l a y e r s ,  

t h u s   e x p o s i n g   t h e   c e l l u l o s e - r i c h   f i b r i l l a r   m a t e r i a l   w h i c h   i s  

t he   s o u r c e   of  t h e   f i b r i l l a t i o n   c h a r a c t e r i s t i c   o f   a  good   m e c h -  

a n i c a l   p u l p .   S i n c e   t h i s   f i b r e   m o r p h o l o g y   i s   e s t a b l i s h e d   a t  

t he   moment   of  f i b r e   l i b e r a t i o n ,   i t   i s   n e c e s s a r y   t h a t   t h e   p r o -  

c e s s   of   f i b r e   l i b e r a t i o n   p r o c e e d   l a r g e l y   to   c o m p l e t i o n .  

T h e r e f o r e ,   t he   p r o d u c t   of  t h e   i n i t i a l   m e c h a n i c a l   f i b r e   s e p a r a -  
t i o n   s t e p   of  t h e   p r o c e s s   of   t h e   i n v e n t i o n   m u s t   c o n s i s t   m a i n l y  

of   s i n g l e   wood  f i b r e s ,   which  i n h e r e n t l y   have  average  d i a m e t e r s   l e s s  

t h a n   0 . 0 5   mm.  More  t h a n   t h e   min imum  e n e r g y   to  a c c o m p l i s h  

t h i s   s e p a r a t i o n   may  be  a p p l i e d ,   b u t   i s   u n n e c e s s a r y .  

I t   i s   w e l l   known  t h a t ,   in   t h e r m o m e c h a n i c a l   p u l p i n g ,  

i f   t h e   r e f i n i n g   t e m p e r a t u r e   e x c e e d s   t h e   t h e r m a l   s o f t e n i n g  

p o i n t   of   l i g n i n ,   f i b r e   s e p a r a t i o n   o c c u r s   i n   t h e   m i d d l e  

l a m e l l a e   to   y i e l d   a  s m o o t h   f i b r e   w i t h   a  l i g n i n - r i c h   s u r f a c e .  

T h i s   f i b r e   i s   d i f f i c u l t   o r  i m p o s s i b l e   to   f i b r i l l a t e   b y  

f u r t h e r   r e f i n i n g   and  i s   g e n e r a l l y   u n s u i t a b l e   f o r   use   as  a  

m e c h a n i c a l   p u l p .   Hence   t h e   i n i t i a l   f i b r e   s e p a r a t i o n   s t e p  

in  t h i s   i n v e n t i o n   i s   e f f e c t e d   a t   a  t e m p e r a t u r e   b e l o w   t h e  

t h e r m a l   s o f t e n i n g   p o i n t   of   l i g n i n .   The  l a t t e r   t e m p e r a t u r e   i s  



v a r i a b l e   w i t h   t h e   wood  s p e c i e s ,   d u r a t i o n   of  h e a t i n g   and  r e -  

f i n i n g   c o n d i t i o n s ,   b u t   i s   g e n e r a l l y   b e l o w   a b o u t   1 5 0 ° C .  

A t t e m p t s   have   b e e n   made  t o  d e c r e a s e   t h e   e n e r g y   r e q u i r e d  

f o r   f i b r e   s e p a r a t i o n   and  i m p r o v e   p u l p   q u a l i t y   by  a  c h e m i c a l  

s o f t e n i n g   of  t h e   wood  p r i o r   to  r e f i n i n g .   Such  a  p r o c e s s ,  

u s i n g   s u l p h i t e   as  t h e   t r e a t i n g   c h e m i c a l ,   i s   d i s c l o s e d   in  U . S .  

P a t e n t   No.  4 , 1 1 6 , 7 5 8 .   The  p r o d u c t s   of   t h e   l a t t e r   p r o c e s s   a r e  

s m o o t h   w a l l e d   f i b r e s   s h o w i n g   l i t t l e   t e n d e n c y   to  f i b r i l l a t i o n ,  

s i m i l a r   to   t h o s e   d e s c r i b e d   a b o v e   r e s u l t i n g   f r o m   r e f i n i n g   a b o v e  

t h e   l i g n i n   s o f t e n i n g   t e m p e r a t u r e ,   and  a r e   u n s u i t a b l e   f o r   u s e  

as  a  m e c h a n i c a l   p u l p   in   t h i s   i n v e n t i o n .  

I t   i s   w i t h i n   t h e   s c o p e   of  t h i s   i n v e n t i o n ,   h o w e v e r ,   t o  

add  t h e   c h e m i c a l s   r e q u i r e d   in   t h e   s u b s e q u e n t   t r e a t m e n t   s t e p  

to   t h e   wood  c h i p s   p r i o r   t o  t h e i r   e n t e r i n g   the  d i sc   r e f i n e r ,   p r o -  

v i d e d   t h a t   t h e   t e m p e r a t u r e   and  t i m e   of   c o n t a c t   i s   such   t h a t  

no  s u b s t a n t i a l   r e a c t i o n   o c c u r s   and  no  s i g n i f i c a n t   c h e m i c a l  

s o f t e n i n g   of   t h e   c h i p s   r e s u l t s .   The  d i s c   r e f i n e r   a c t s   as  a n  

e f f i c i e n t   m i x e r   of   t h e   p u l p   and  c h e m i c a l s   a t   t h e   h i g h   c o n -  

s i s t e n c y   n o r m a l l y   e n c o u n t e r e d .  

I t   i s   a l s o   w i t h i n   t h e   s c o p e   of   t h e   i n v e n t i o n   t o  

s u b j e c t   t h e   wood  c h i p s ,   p r i o r   to  r e f i n i n g ,   to   s t e a m   u n d e r  

p r e s s u r e   a t   a  t e m p e r a t u r e   b e l o w   t h e   t h e r m a l   s o f t e n i n g   t e m p e r a -  

t u r e   of   t h e   l i g n i n ,   t y p i c a l l y   b e l o w   a b o u t   140°C  in  a c c o r d a n c e  

w i t h   c o n v e n t i o n a l   i n d u s t r i a l   p r a c t i c e   in  TMP  m a n u f a c t u r e .  

A  p r o d u c t   of  s t e p   ( a ) ,   s u i t a b l e   f o r   f u r t h e r   t r e a t m e n t  

in  a c c o r d a n c e   w i t h   t h i s   i n v e n t i o n ,   i s   o b t a i n a b l e   s i m p l y   b y  

f o l l o w i n g   t h e   f i r s t   s t a g e   r e f i n i n g   p r o c e d u r e s   w e l l   known  t o  

t h e   a r t ,   f o r   t h e   p r o d u c t i o n   of   a  good  m e c h a n i c a l   p u l p .   T h i s  

i s   u s u a l l y   a c c o m p l i s h e d   by  p r e s t e a m i n g   wood  c h i p s ,   u s u a l l y   a t  

a  t e m p e r a t u r e   of   a b o u t   120°  to  a b o u t   135°C  and  1  to  2 

1  a t m o s p h e r e s   p r e s s u r e   f o r   2  to  10  m i n u t e s ,   t h e n   p a s s i n g   t h e  

p r e s t e a m e d   wood  c h i p s ,   w h i c h   have   n o t   b e e n   s o f t e n e d   b y  

c h e m i c a l   a c t i o n ,   t h r o u g h   a  d i s c   r e f i n e r   a t   a  t e m p e r a t u r e   b e l o w  

t h e   t h e r m a l   s o f t e n i n g   t e m p e r a t u r e   of   t h e   l i g n i n ,   and  a p p l y i n g  
s u f f i c i e n t   r e f i n i n g   e n e r g y   to   y i e l d   a  m e c h a n i c a l   wood  p u l p  

5  c o n s i s t i n g   m o s t l y   of  s i n g l e   f i b r e s   and  t h e i r   f r a g m e n t s ,   s u c h  

f i b r e s   and  f r a g m e n t s   b e i n g   p r e d o m i n a n t l y   b e l o w   0 . 0 5   mm  i n  

a v e r a g e   d i a m e t e r .   T h i s   o p e r a t i o n   i s   g e n e r a l l y   e f f e c t e d   a t   a  



c o n s i s t e n c y   of   a b o u t   10  to   a b o u t   40%  by  w e i g h t ,   u s u a l l y  

a b o u t   25  t o  3 0 %   by  w e i g h t .  

STEP  (b)  C h e m i c a l   R e a c t i o n  

A f t e r   t h e   r e q u i r e d   p h y s i c a l   f o r m   of   t h e   wood  f i b r e  

i s   o b t a i n e d   in   s t e p   ( a ) ,   t h e   c h e m i c a l   n a t u r e   of   t h e   f i b r e   i s  

m o d i f i e d   by  r e a c t i o n   w i t h   an  a q u e o u s   s o l u t i o n   of   a  s o l u b l e  

s a l t   of  s u l p h u r o u s   a c i d ,   u s u a l l y   s o d i u m   s u l p h i t e .   The  r e a c -  

t i o n   i s   e f f e c t e d   a t   t e m p e r a t u r e s   a b o v e   a b o u t   110°C  u n d e r   a  

s u p e r a t m o s p h e r i c   p r e s s u r e   f o r   a  t i m e   s u f f i c i e n t   to   y i e l d  a  

c h e m i c a l l y - t r e a t e d   m e c h a n i c a l   wood  p u l p   c a p a b l e   of   f o r m i n g   a  

p a p e r   web  h a v i n g   i m p r o v e d   w e t   s t r e t c h   and  s t r e s s - s t r a i n  

p r o p e r t i e s   and  e x h i b i t i n g   r a p i d   d r a i n a g e ,   b u t   f o r   a  t i m e   i n -  

s u f f i c i e n t   to   c a u s e   s u b s t a n t i a l   d i s s o l u t i o n   o f  l i g n i n   w i t h  

c o n s e q u e n t   l o s s   of   y i e l d   and  g e n e r a t i o n   of   p o l l u t i n g  

e f f l u e n t s .   The  e x a c t   n a t u r e   o f   t h e   c h e m i c a l   r e a c t i o n s   i n -  

v o l v e d   in   t h e   c h e m i c a l   t r e a t m e n t   e f f e c t e d   in   t h i s   i n v e n t i o n  

a r e   n o t   f u l l y   u n d e r s t o o d ,   b u t   a r e   t h o u g h t   to   i n v o l v e   s u l p h o n -  

a t i o n .  
D u r i n g  t h e   r e a c t i o n ,   t h e   pH  of   t h e   s o l u t i o n   d r o p s   a n d  

a l k a l i   i s   c o n s u m e d .   I t   i s   e s s e n t i a l   t o   t h e   p r o c e s s   of   t h e  

p r e s e n t   i n v e n t i o n   t h a t   s u f f i c i e n t   a l k a l i   be  p r e s e n t   in  t h e  

c h e m i c a l   c h a r g e   to   p r e v e n t   a  pH  d r o p   b e l o w   3  d u r i n g   t r e a t m e n t ,  

o t h e r w i s e   t h e r e   i s   a  r i s k   o f   d a m a g i n g   t h e   f i b r e s  t h r o u g h  

h y d r o l y t i c   a c t i o n   w i t h   c o n s e q u e n t  l o s s   of   s t r e n g t h .   T h e  

e x a c t   a m o u n t   of   a l k a l i   r e q u i r e d   v a r i e s   a c c o r d i n g   to   t h e   a c e t y l  

c o n t e n t   of  t h e   wood  s u p p l y   and   c a n n o t   be  s p e c i f i e d   e x a c t l y ,  

b u t   i s   r e a d i l y   e s t a b l i s h e d   by  e x p e r i m e n t a t i o n .  

The  a l k a l i   r e q u i r e m e n t   may  be  me t   e n t i r e l y   w i t h  

s o d i u m   s u l p h i t e .   H o w e v e r ,   s i n c e   o n l y   h a l f   o f   t h e   s o d i u m  

o f   s o d i u m   s u l p h i t e   i s   a v a i l a b l e   f o r   n e u t r a l i z a t i o n ,   i t   i s  

u s u a l l y   more  e c o n o m i c a l   to   m e e t   p a r t   of   t h e   a l k a l i   r e q u i r e -  

m e n t s   by  a d d i t i o n s   of   s o d i u m   h y d r o x i d e   or   s o d i u m   c a r b o n a t e .  

The  pH  of  t h e   m i x t u r e ,   h o w e v e r ,   i s   p r e f e r a b l y   k e p t   b e l o w  

a b o u t   12  b e c a u s e   h e m i c e l l u l o s e s   a r e   d i s s o l v e d   f r o m   w o o d  

f i b r e   by  h i g h e r   p H ' s ,   w i t h   c o n s e q u e n t   l o s s   in  y i e l d .  



In  a  p r e f e r r e d   e m b o d i m e n t   of  t h e   i n v e n t i o n ,   t h e  

amoun t   of   s o d i u m   s u l p h i t e   u s e d   in  t he   c h e m i c a l   t r e a t m e n t   i s  

in  t h e   r a n g e   of  a b o u t   4%  to   a b o u t   15%  by  w e i g h t   b a s e d   on  t h e  

m e c h a n i c a l   wood  p u l p   r e s u l t i n g   f rom  s t e p   ( a ) ,   a l t h o u g h  

l o w e r   c o n c e n t r a t i o n s   down  to  a b o u t   1%  by  w e i g h t   may  be  u s e d  

w i t h   r e d u c e d   b e n e f i c i a l   e f f e c t ,   w i t h   t h e   p r o v i s i o n   t h a t   t h e  

r e s i d u a l   s u l p h i t e   c o n t e n t   of  t he   m i x t u r e ,   as  m e a s u r e d   i o d i -  

m e t r i c a l l y ,   does   n o t   f a l l   s u b s t a n t i a l l y   to   z e r o   b e f o r e  

t e r m i n a t i o n   of  t h e   r e a c t i o n .   Be low  1%  by  w e i g h t   of   s o d i u m  

s u l p h i t e , i m p r o v e m e n t s   a r e   t oo   s m a l l   to  j u s t i f y   t h e   e x p e n s e  

of   t r e a t m e n t .   S i m i l a r l y   i m p r o v e m e n t s   a r e   o b s e r v e d   w i t h  

c h e m i c a l   c h a r g e s   up  to   a b o u t   25%  by  w e i g h t   of   t h e   p u l p ,   b u t  

t h e   a d d i t i o n a l   c o s t   i s   n o t   j u s t i f i e d   by  t h e   s m a l l   a d d i t i o n a l  

i m p r o v e m e n t .   G e n e r a l l y ,   t h e r e f o r e ,   a  c h e m i c a l   c h a r g e   o f  

b e t w e e n   a b o u t   1%  and   a b o u t   25%  by  w e i g h t ,   p r e f e r a b l y   b e t w e e n  

a b o u t   4%  and  a b o u t   15%  by  w e i g h t ,   of  t h e   m e c h a n i c a l   p u l p ,   i s  

u s e d .   The  c h e m i c a l   c h a r g e   p r e f e r a b l y   has   a  pH  b e t w e e n   a b o u t  

7  and  a b o u t   12,  and  c o n t a i n s   s o d i u m   s u l p h i t e   and  s u f f i c i e n t  

a l k a l i   to   m a i n t a i n   a  pH  g r e a t e r   t h a n   3  t h r o u g h o u t   t h e  

r e a c t i o n .  

The  r e a c t i o n s   of   s u l p h i t e   w i t h   wood  a r e   known  t o  

c o n s i s t   of  a  l a r g e   n u m b e r   of  d i f f e r e n t   r e a c t i o n s ,   w h o s e  

r a t e s   a r e   d e p e n d e n t   on  r e a c t i o n   c o n d i t i o n s ,   p a r t i c u l a r l y  

pH  and  t e m p e r a t u r e .   The  p r e s e n t   s t a t e   of   o u r   k n o w l e d g e   o f  

t h i s   c o m p l e x   s u b j e c t   has   b e e n   s u m m a r i z e d   by  G.  G e l l e r s t e d t  

in   S v e n s k   P a p p e r s t i d n i n g   n r .   16,  1 9 7 6 ,   p.  537  to   5 4 3 .  

I t   ha s   b e e n   e s t a b l i s h e d   t h a t   t h e   r e a c t i o n s   n e c e s s a r y   f o r   t h e  

a p p l i c a t i o n   of   t h e   p r o c e s s   of   t he   i n v e n t i o n   and  t h e   r e s u l t s  

a t t a i n e d   t h e r e b y   a r e   t h o s e   t h a t   p r o c e e d   a t   p H ' s  

g r e a t e r   t h a n   3  and  p r e f e r a b l y   o v e r   7,  and  a t   t e m p e r a t u r e s  

o v e r   a b o u t   110°C ,   and  p r e f e r a b l y   o v e r   a b o u t   1 3 0 ° C .   O t h e r  

r e a c t i o n s   of  woody  s u b s t a n c e s   w i t h   s u l p h i t e   w h i c h   p r o c e e d  
a t   l o w e r   p H ' s   and  a t   t e m p e r a t u r e s   b e l o w   100°C  a r e   k n o w n ,  

s u c h   as  t h o s e   d e s c r i b e d   by  H . J .   K v i s g a a r d   in  N o r s k  

S k o g i n d u s t r i   19,  no .   4,  1 9 6 5 ,   p , 1 5 5 - 1 6 3 .   Such  r e a c t i o n s ,  

h o w e v e r ,   a r e   n o t   e f f e c t i v e   to   p r o d u c e   an  i m p r o v e m e n t   in  w e t  
and  d ry   p r o p e r t i e s ,   in  f i b r e   f l e x i b i l i t y   and  c o n s o l i d a t i o n  

and  in   p o w e r   r e q u i r e m e n t s ,   s u c h   as  i s   c o n t e m p l a t e d   in   t h i s  

i n v e n t i o n .  



We  h a v e   f o u n d   t h a t   t h e   maximum  i m p r o v e m e n t ,   n a m e l y ,  

maximum  i n c r e a s e   in   wet   s t r e t c h ,   maximum  i m p r o v e m e n t   i n  

s t r e s s - s t r a i n ,   maximum  i n c r e a s e   in   s t r e n g t h   c h a r a c t e r i s t i c s ,  

and  maximum  d e c r e a s e   in   r e f i n e r   p o w e r   r e q u i r e m e n t s   f o r   t h e  

s e c o n d   s t a g e   ( s t e p   (c)  d i s c u s s e d   b e l o w ) ,   i s   o b t a i n e d   f r o m  

t h e   p r o c e s s   o f   t h e   i n v e n t i o n   when  t h e   m e c h a n i c a l   p u l p   f r o m  

s t e p   (a)  w i t h   a d d e d   c h e m i c a l   i s   h e a t e d   a t  a b o u t   160°C  f o r  

30  m i n u t e s .   As  w i t h   any  o t h e r   c h e m i c a l   r e a c t i o n ,   t h e   t e m p e r -  

a t u r e   can   be  l o w e r e d   i f   t h e   r e a c t i o n   t i m e   i s   i n c r e a s e d .  

Be low  a b o u t   1 2 0 ° C ,   r e a c t i o n   t i m e   b e c o m e s   i m p r a c t i c a l l y   l o n g ,  

and  b e l o w   1 1 0 ° C ,   t h e   r e q u i r e d   r e a c t i o n s   e f f e c t i v e l y   c e a s e .  

S i m i l a r l y ,   t h e   r e a c t i o n   t e m p e r a t u r e   can   b e  i n c r e a s e d   i f   t h e  

r e a c t i o n   t i m e   i s   s h o r t e n e d .   The  p r a c t i c a l   u p p e r   l i m i t   o f  

t e m p e r a t u r e   a p p e a r s   to   be  a b o u t   200°C  w i t h   r e a c t i o n   t i m e s  

of  1  t o   2  m i n u t e s .   We  p r e f e r   n o t   t o   o p e r a t e   u n d e r   t h e s e  

e x t r e m e   c o n d i t i o n s   b e c a u s e   t h e   p r e c i s e   c o n t r o l  o f   c o n d i t i o n s  

and   r e a c t i o n   t i m e s   n e e d e d   to   a c h i e v e   an  o p t i m u m   p r o d u c t  

a r e   d i f f i c u l t   to   s e c u r e .  

I t   i s   a l s o   p o s s i b l e   t o   o p e r a t e   a t   s h o r t e r   o r   l o n g e r  

t h a n   t h e   o p t i m u m   r e a c t i o n   t i m e s   to   p r o d u c e   a  l e s s   t h a n  

o p t i m u m   b u t   s t i l l  u s e f u l   r e s u l t .   I f   t h e   r e a c t i o n   t i m e   i s  

s h o r t e r   t h a n   o p t i m u m ,   t h e   i m p r o v e m e n t s   in   we t   s t r e t c h ,  

s t r e s s - s t r a i n   and  s t r e n g t h   p r o p e r t i e s   and  e n e r g y   r e q u i r e m e n t s  

a r e   l e s s   t h a n   may  be  o t h e r w i s e   o b t a i n e d   by  o p e r a t i n g   u n d e r  

o p t i m u m   c o n d i t i o n s .   I f   t h e   r e a c t i o n   t i m e   i s   t o o   l o n g ,  

s u b s t a n t i a l   d i s s o l u t i o n   of   t h e   l i g n i n   f r o m   t h e   p u l p ,   in   t h e  

t r e a t i n g   c h e m i c a l   o c c u r s ,   w i t h   c o n s e q u e n t   l o s s   o f   y i e l d   a n d  

f o r m a t i o n   of  p o l l u t i n g   e f f l u e n t .   W h i l e   t h e   p r o c e s s   i s   s t i l l  

o p e r a b l e   to   p r o d u c e   p r o p e r t y   i m p r o v e m e n t s   u n d e r   t h e s e   c o n d i -  

t i o n s   some  of   t h e   a d v a n t a g e s   o f   wood  e c o n o m y  a n d   l o w  

p o l l u t i o n   a r e   l o s t   and  g e n e r a l l y   a r e   a v o i d e d .  

The  c h e m i c a l   t r e a t m e n t   i s   o p e r a b l e   o v e r   a  t i m e -  

t e m p e r a t u r e   r a n g e   f r o m   a b o u t   110°C  f o r   a b o u t   12  h o u r s   t o  

a b o u t   200°C  f o r   a b o u t   1  m i n u t e .   I t   i s   u n d e r s t o o d   t h a t   a n  
i n c r e a s e   in   t e m p e r a t u r e   m u s t   be  a c c o m p a n i e d   by  a  c o n c o m i t -  

t a n t   d e c r e a s e   in   r e a c t i o n   t i m e .   F o r   e x a m p l e ,   t h e   p r o c e s s  
i s   n o t   o p e r a b l e   a t   a  t e m p e r a t u r e   of   200°C  f o r   12  h o u r s .  

To  d e r i v e   maximum  b e n e f i t s   f r om  t h e   c h e m i c a l   t r e a t m e n t   s t e p ,  



i t   i s   p r e f e r r e d   to   o p e r a t e   in  t h e   more   l i m i t e d   r a n g e   of   a b o u t  

130°C  f o r   a b o u t   2  h o u r s   to   a b o u t   180°C  f o r   a b o u t   15  m i n u t e s .  

B e c a u s e   of  u n c e r t a i n t i e s   in   s p e c i f y i n g   t h e   e x a c t  

u p p e r   l i m i t s   of  t h e   c h e m i c a l   t r e a t m e n t   s t e p   in  t e r m s   o f  

t i m e   and  t e m p e r a t u r e ,   i t   i s   c o n s i d e r e d   more  u s e f u l   a n d  

p r e c i s e   to  s p e c i f y   t h e   u p p e r   l i m i t   in   t e r m s   of   t he   e f f e c t   o f  

t h e   c h e m i c a l   t r e a t m e n t   on  p u l p   y i e l d   t h e r e f r o m .   R e a c t i o n  

c o n d i t i o n s   w h i c h   d e c r e a s e   t h e   y i e l d ,   b a s e d   on  m e c h a n i c a l   w o o d  

p u l p ,   b e l o w   a b o u t   85%  a r e   o u t s i d e   t h e   s c o p e   of   o u r   p r o c e s s ,  

s i n c e   wood  l o s s e s   and  t h e   p o l l u t i o n   c a p a b i l i t y   of   t h e   s p e n t  

a q u e o u s   p h a s e   become   s i g n i f i c a n t   and  i n t o l e r a b l e   b e y o n d   t h i s  

l i m i t .   I t   i s   p r e f e r r e d   to  s e l e c t   maximum  r e a c t i o n   c o n d i t i o n s  

s u c h   t h a t   t h e   y i e l d   of  t r e a t e d   p u l p   i s   g r e a t e r   t h a n   a b o u t   90%. 

The  e x a c t   c o n d i t i o n s   r e q u i r e d   v a r y   w i t h   wood  s p e c i e s ,   c h e m i c a l  

c h a r g e   and  c o n s i s t e n c y ,   b u t   w i l l   f a l l   w i t h i n   t h e   l i m i t s   o f  

t i m e   and  t e m p e r a t u r e   as  d e f i n e d   a b o v e ,   and  a r e   e a s i l y   e s t a b -  

l i s h e d   by  e x p e r i m e n t a t i o n .  

The  c h e m i c a l   r e a c t i o n   w h i c h   i s   e f f e c t e d   in  s t e p ' ( b )  

on  t h e   m e c h a n i c a l   wood  p u l p   r e s u l t i n g   f r o m   s t e p   (a)  i s   q u i t e  

d i s t i n c t   f r o m   t h e   m e t h o d s   u s e d   in   t h e   p u l p i n g   of   woody  s u b -  

s t a n c e s   w i t h   s u l p h i t e   or  b i s u l p h i t e   to  f o rm  c h e m i c a l   p u l p .   I n  

s u l p h i t e   p u l p i n g ,   h e a t   and  c h e m i c a l   a r e   s u p p l i e d   to  t h e   w o o d y  

m a t e r i a l   in  c h i p   fo rm  ( i . e . ,   f i b r e   b u n d l e s )   by  c i r c u l a t i n g   h o t  

c o o k i n g   l i q u o r   t h r o u g h   a  bed   of   t h e   woody  m a t e r i a l .   W i t h   t h e  

m e c h a n i c a l   p u l p   p r o d u c e d   in   s t e p   (a)  of  t h e   p r o c e s s   of   t h e  

i n v e n t i o n ,   t h e   r e s i s t a n c e   to  f l o w   of   l i q u o r   i s   so  g r e a t   t h a t  

c i r c u l a t i o n   of  l i q u o r   t h e r e t h r o u g h   i s   i m p r a c t i c a l .   In  c o n -  

s e q u e n c e ,   a l l   of   t h e   c h e m i c a l   r e q u i r e d   to   e f f e c t   t h e   r e a c t i o n  

of  s t e p   (b)  m u s t   be  i n c o r p o r a t e d   in   t h e   p u l p   when  i t   e n t e r s  

t h e   r e a c t o r .   I t   is   a d v a n t a g e o u s   to   i n c o r p o r a t e   t he   c h e m i c a l  

in   s o l u t i o n   in  a  v o l u m e   of  w a t e r   w h i c h   can  be  t o t a l l y   a b s o r b e d  

by  t h e   p u l p .   In  p r a c t i c e   t h i s   means   t h a t   t h e   c o n s i s t e n c y  

a f t e r   c h e m i c a l   a d d i t i o n   n o r m a l l y   s h o u l d   be  a b o v e   a b o u t   15% 

by  w e i g h t .   C o n s i s t e n c i e s   b e l o w   a b o u t   50%  by  w e i g h t   a r e   p r e -  
f e r r e d   b e c a u s e   i t   i s   e a s i e r   to   s e c u r e   u n i f o r m   m i x i n g   o f  

c h e m i c a l   and  p u l p   b e l o w   t h a t   l e v e l .   The  c o n s i s t e n c y   r a n g e   o f  

a b o u t   15%  to  a b o u t   50%  by  w e i g h t ,   t h e r e f o r e ,   i s   p r e f e r r e d   f o r  
r e a s o n s   of   c o n v e n i e n c e ,   b u t   t he   o p e r a b i l i t y   of  t he   p r o c e s s   i s  
n o t   l i m i t e d   by  c o n s i s t e n c y .  



The  c h e m i c a l   t r e a t m e n t   s t e p   in   t h e  p r o c e s s   of   t h e  

i n v e n t i o n   i s   a l s o   d i s t i n g u i s h e d   f r o m   c h e m i c a l   p u l p i n g   p r o c e s s -  

es  in  t h a t   the  p rocess   of  the  i n v e n t i o n   c a n n o t  b e   conducted   p r a c t i c a l l y   in  a  
b a t c h   p r o c e s s , s u c h   as  i s   u s e d   i n   c h e m i c a l   p u l p i n g .   T h i s   i s  

b e c a u s e   t h e   t h e r m a l   i n s u l a t i n g   p r o p e r t i e s   of  t h e  m e c h a n i c a l  

p u l p   a r e   so  h i g h   t h a t   a  l a r g e   p u l p   mass   c a n n o t   be  h e a t e d  

to   r e a c t i o n   t e m p e r a t u r e   by  c o n d u c t i o n   in   a  r e a s o n a b l e   l e n g t h  

o f   t i m e .   The  c h e m i c a l   t r e a t m e n t   may  be  c a r r i e d   o u t   b a t c h -  

w i s e   u s i n g   d i e l e c t r i c   o r   m i c r o w a v e   h e a t i n g   t e c h n i q u e s   b u t  

s u c h   m e t h o d s   a r e   e x p e n s i v e .   I t   i s   p r e f e r r e d   to   c a r r y   o u t  

t h e   c h e m i c a l   r e a c t i o n   s t e p   in   an  a p p a r a t u s   w h e r e i n   p u l p   i s  

c o n t i n u o u s l y   r a i s e d   to   r e a c t i o n   t e m p e r a t u r e   and  i n t r o d u c e d  

i n t o   one   end  o f   a  r e a c t i o n   v e s s e l   o f   s u c h   s i z e   as  t o  

p r o v i d e   t h e   d e s i r e d   r e a c t i o n   d u r a t i o n ,   w h i l e   t r e a t e d   p u l p   i s  

r e m o v e d   s i m u l t a n e o u s l y   f rom  t h e   o t h e r   e n d .  

S t e p   (c)  R e f i n i n g  

In  t h e   t h i r d ,   and   f i n a l ,   s t e p   of   t h e   p r o c e s s   of   t h e  

i n v e n t i o n ,   t h e   p r o d u c t   o f   s t e p   (c)  i s   s u b j e c t e d   t o   f u r t h e r  

r e f i n i n g   a c t i o n   i n  a   d i s c   r e f i n e r ,   f o l l o w i n g   t h e   u s u a l  

p r a c t i c e   of  t h e   i n d u s t r y   f o r   s e c o n d   s t a g e   r e f i n i n g   o f   a  

m e c h a n i c a l   wood  p u l p .   The  r e s u l t s   o f   t h i s   s e c o n d   r e f i n i n g  

a c t i o n   d i f f e r   f rom  t h o s e   o b t a i n e d   w i t h   an  o r d i n a r y  

m e c h a n i c a l   wood  p u l p   b e c a u s e   t h e   a p p l i c a t i o n   of   s t e p s   ( a )  

and   (b)  in  a c c o r d a n c e   w i t h   t h i s   i n v e n t i o n   p l a c e s   t h e   p u l p  

in  t h e   r e q u i r e d   p h y s i c a l   and  c h e m i c a l   c o n f i g u r a t i o n   t o  

u t i l i z e   f u r t h e r   r e f i n i n g   e n e r g y   e f f i c i e n t l y   and  e c o n o m i c a l l y .  

I t   i s   w e l l   known  t h a t   t h e   q u a l i t y   o f   a  m e c h a n i c a l   wood  p u l p  

can   b e  i m p r o v e d   by  i n c r e a s e d   r e f i n i n g ,   b u t   a t  a   c o s t   o f  

s l o w e r   d r a i n a g e   and  i n c r e a s e d   e n e r g y   d e m a n d .   The  p r o d u c t  

o f   s t e p   (b)  may  be  r e f i n e d   to   e q u i v a l e n t   q u a l i t y   w i t h  

s i g n i f i c a n t l y   l e s s   e n e r g y ,   w h i l e   a c h i e v i n g   a  f a s t e r   d r a i n a g e ,  

as  c o m p a r e d   to   m e c h a n i c a l   p u l p   f rom  s t e p   (a)  w h i c h   has   n o t  

b e e n   s u b j e c t e d   to   s t e p   ( b ) .   T h e s e   r e s u l t s   a r e   i l l u s t r a t e d  

g r a p h i c a l l y   in  F i g u r e   1,  in   w h i c h   a  m e a s u r e   of   p u l p   q u a l i t y  

i s   p l o t t e d   a g a i n s t   r e f i n i n g   p o w e r   f o r   two  c a s e s .   The  m e a s u r e  

of   p u l p   q u a l i t y   e m p l o y e d   was  t h e   t e n s i l e   s t r e n g t h   o f   t h e   w e t  

web,   m e a s u r e d   a t   5%  we t   s t r e t c h   to   e l i m i n a t e   t h e   e f f e c t s   o f  

p u l p   l a t e n c y .   S i m i l a r   p l o t s   a r e  o b t a i n e d   u s i n g   s u c h   o t h e r  

m e a s u r e s   of  p u l p   q u a l i t y   as  b r e a k i n g   l e n g t h   or   b u r s t   f a c t o r .  



P o i n t   A  in  F i g u r e   1  d e f i n e s   t h e   s t a t e   o f   t h e   p u l p   a t  

t h e   c o m p l e t i o n   of   s t e p   (a)  of   t h e   p r o c e s s   of  t h e   i n v e n t i o n .  

P o i n t   B  r e p r e s e n t s   t h e   same  p u l p   a f t e r   c o m p l e t i o n   of   s t e p  

( b ) .   The  l i n e   B-C  g i v e s   t h e   p r o p e r t i e s   of  t h e   p u l p s   d e r i v e d  

f rom  s t e p   (b)  by  t h e   a p p l i c a t i o n   of   v a r y i n g   a m o u n t s   o f  

r e f i n i n g   e n e r g y   in  a c c o r d a n c e   w i t h   s t e p   (c)  of   t h e   p r o c e s s  

of   t h e   i n v e n t i o n .   The  l i n e   A-D  r e p r e s e n t s   t h e   p r o p e r t i e s  

of   p u l p s   o b t a i n e d   by  d i r e c t l y   r e f i n i n g   t h e   p r o d u c t   of  s t e p  

( a ) ,   w i t h o u t   t he   a p p l i c a t i o n   of   s t e p   ( b ) .   The  d r a m a t i c  

e f f e c t   of   t h e   c h e m i c a l   t r e a t m e n t   of  s t e p   (b)  in  i m p r o v i n g  

t h e   d r a i n a g e   of  r e f i n e d   p u l p ,   as  m e a s u r e d   by  C a n a d i a n  

S t a n d a r d   F r e e n e s s   ( C . S . F . ) ,   in  i n c r e a s i n g   t h e   p u l p   s t r e n g t h ,  

and  in  d e c r e a s i n g   t h e   e n e r g y   r e q u i r e m e n t s   in   t h e   a p p l i -  

c a t i o n   of  t h e   r e f i n i n g   of  s t e p   (c)  i s   c l e a r l y   e v i d e n t   f r o m  

t h e   g r a p h i c a l   r e p r e s e n t a t i o n   of   F i g u r e   1 .  

The  c o n s i s t e n c i e s   e m p l o y e d   in  t h e   a p p l i c a t i o n   of   s t e p  

(c)  may  be  v a r i e d   o v e r   t h e   r a n g e   n o r m a l l y   e m p l o y e d   in  t h e  

s e c o n d   s t a g e   r e f i n i n g   o f   a  m e c h a n i c a l   wood  p u l p ,   b u t   t h e  

p r o p e r t i e s   of  t h e   p r o d u c t   d e p e n d   to   some  e x t e n t   on  t h e   r e f i n -  

i n g   c o n s i s t e n c y   c h o s e n .   H i g h e r   c o n s i s t e n c i e s   o v e r   a b o u t   20% 

by  w e i g h t   y i e l d   p r o d u c t s   w i t h   h i g h e r   we t   s t r e t c h   w h i l e  

l o w e r   c o n s i s t e n c i e s   t e n d   to   p r o d u c e   p u l p s   w i t h   h i g h e r   s t r e n g t h .  

By  a d j u s t m e n t s   in  r e f i n i n g   c o n s i s t e n c y ,   t h e   d e s i r e d   b a l a n c e  

b e t w e e n   wet  s t r e t c h   and  s t r e n g t h   f o r   a  p a r t i c u l a r   a p p l i c a t i o n  

can  be  a c h i e v e d .   For   m o s t   a p p l i c a t i o n s ,   i t   i s   p r e f e r r e d   t o  

c a r r y   ou t   t h e   r e f i n i n g   s t e p   (c)  a t   c o n s i s t e n c i e s   b e t w e e n  

a b o u t   1%  and  a b o u t   35%  by  w e i g h t .  

The  a m o u n t   of  e n e r g y   a p p l i e d   in  s t e p   (c)  may  b e  

v a r i e d   a c c o r d i n g   to   t h e   d e s i r e d   p r o p e r t i e s   of   t h e   p r o d u c t   a n d  

t h e   i n t e n d e d   end  u s e .   The  d e g r e e   of  r e f i n i n g   to   w h i c h   t h e  

p u l p   i s   s u b j e c t e d   i s   u s u a l l y   c o n t r o l l e d   by  t h e   f r e e n e s s   o f  

t h e   f i n i s h e d   p u l p .   For   m o s t   a p p l i c a t i o n s ,   t h i s   f r e e n e s s  

s h o u l d   f a l l   w i t h i n   t h e   r a n g e   of   a b o u t   50  to   a b o u t   7 0 0  

C . S . F .   For   e x a m p l e ,   b o x b o a r d   s t o c k   i s   t y p i c a l l y   of   h i g h e r  

f r e e n e s s   t h a n   m a g a z i n e   g r a d e   p a p e r   s t o c k .   For   n e w s p r i n t  

a p p l i c a t i o n ,   i t   is   p r e f e r r e d   to   r e f i n e   to  a  f r e e n e s s   in  t h e  

r a n g e   a b o u t   100  to   a b o u t   400  C . S . F .   in  s t e p   ( c ) .  



The  i n v e n t i o n  i s   i l l u s t r a t e d   by  t h e   f o l l o w i n g  

E x a m p l e s :  

E x a m p l e   1 

S p r u c e   c h i p s   w e r e   p r e - s t e a m e d   f o r   25  m i n u t e s   a t   3 5  

p s i g   and  f e d   to   a  1000  HP  S p r o u t - W a l d r o n   36  ICP  r e f i n e r   u n d e r  

t h e   f o l l o w i n g   c o n d i t i o n s :  

T h r o u g h p u t :   2 5 . 0   t o n s   p e r  d a y  

D i s c h a r g e   c o n s i s t e n c y :   2 5  -   30% 

S p e c i f i c   e n e r g y :   4 5 . h o r s e p o w e r - d a y s   p e r   t o n  

The  p u l p   f r o m   t h e   p r e s s u r i z e d   r e f i n e r ,   c o n s i s t i n g  

m a i n l y   of   s i n g l e   f i b e r s ,   and   s u b s t a n t i a l l y   f r e e   of   p a r t i c l e s  

g r e a t e r   t h a n   0 . 0 5   mm in   d i a m e t e r ,   was  d i v i d e d   in   t h r e e   p o r t i o n s .  

One  p o r t i o n   was  m i x e d   w i t h   10%  by  w e i g h t   o f   s o d i u m   s u l p h i t e  

a t   pH  9  and  h e a t e d   a t   18%  c o n s i s t e n c y   a t   90°C  f o r   1  h o u r .  

A n o t h e r   p o r t i o n   was  m i x e d   w i t h   10%  s o d i u m   s u l p h i t e   a t   pH  7 

and  h e a t e d   a t   18%  c o n s i s t e n c y   and  160°C  u n d e r   a  p r e s s u r e   o f  

75  p s i g   f o r   1  h o u r .   A  t h i r d   p o r t i o n   was  u n t r e a t e d .   E a c h  

p o r t i o n   was  t h e n   r e f i n e d   f u r t h e r   in   a  12  i n c h   S p r o u t - W a l d r o n  

open  d i s c h a r g e   r e f i n e r   a t   18%  c o n s i s t e n c y   and  a  s p e c i f i c  

e n e r g y   i n p u t   a t   63  h o r s e p o w e r - d a y s   p e r   t o n .   A l l   t h r e e   p u l p s  

t h u s   r e c e i v e d   a  t o t a l   of   113  h o r s e p o w e r - d a y s   p e r   t on   o f  

r e f i n i n g   e n e r g y .  

The  u s u a l   p r a c t i c e   in  m e c h a n i c a l   p u l p i n g   i s   to   r e m o v e  

l a t e n c y   p r i o r   to   s c r e e n i n g ,   c l e a n i n g   and  f i n a l   u s e .   T h i s   p r o -  

c e d u r e   was  e x p l a i n e d   by  L.  R.  B e a t h ,   M.  T.  N e i l l   and  F.  A .  

Masse   in   an  a r t i c l e   e n t i t l e d   " L a t e n c y   in   M e c h a n i c a l   P u l p s " ,  

P u l p   and  P a p e r   M a g a z i n e   o f   C a n a d a   67  ( 1 0 ) T 4 2 3 ( 1 9 6 6 ) .   To  

c o r r e s p o n d   to  t h i s   common  i n d u s t r i a l   p r a c t i c e ,   l a t e n c y   w a s  

r e m o v e d   f rom  o u r   p u l p s   by  t r e a t m e n t   a t   90°C  f o r   15  m i n u t e s ,  

p r i o r   to  t e s t i n g .   The  p r o p e r t i e s   o f   t h e s e   p u l p s   a r e   c o m p a r e d  

in   t h e   f o l l o w i n g   T a b l e   I :  



U s i n g   t h e   same  t o t a l   r e f i n i n g   p o w e r ,   t h e   u n t r e a t e d  

s a m p l e   and   t he   s a m p l e   t r e a t e d   a t   90°C  r e f i n e d   to   e s s e n t i a l l y  

the   same  f r e e n e s s   w i t h   i n s i g n i f i c a n t   d i f f e r e n c e s   in   w e t  

and  d r y   p r o p e r t i e s .   By  c o n t r a s t ,   t h e   s a m p l e   t r e a t e d   a t   1 6 0 ° C  

r e f i n e d   to   l o w e r   f r e e n e s s   w i t h   t h e   same  p o w e r ,   y i e l d i n g   o v e r  

60%  i n c r e a s e s   in  we t   s t r e t c h   and  b r e a k i n g   l e n g t h ,   as  w e l l   a s  

s i g n i f i c a n t   i n c r e a s e s   in  wet   t e n s i l e   s t r e n g t h   and  b u r s t .   T h e  

d r a i n a g e   r a t e   i s   much  f a s t e r   t h a n   an  u n t r e a t e d   TMP 

of  s i m i l a r   q u a l i t y .  

The  wet   c a l i p e r   and  b u l k   a r e   m e a s u r e s   of   t h e   f i b e r ' s  

a b i l i t y   to  c o n s o l i d a t e   in  t he   p a p e r   s h e e t .   The  low  v a l u e s  

o b t a i n e d   w i t h   t h e   p u l p   t r e a t e d   a t   160°C  a r e   i n d i c a t i v e   of   a  

f l e x i b l e   f i b e r   w h i c h   c o n s o l i d a t e s   w e l l   to   f o r m   a  d e n s e ,  

c o h e r e n t   s h e e t .  

E x a m p l e   2 

A  TMP  p r e p a r e d   in  a  p r e s s u r i z e d   r e f i n e r   as  d e s c r i b e d  

in  E x a m p l e   1  was  m i x e d   w i t h   10%  s o d i u m   s u l p h i t e   a t   pH  9 .0   a n d  

h e a t e d   a t   18%  c o n s i s t e n c y   a t   160°C  and  75  p s i g   f o r   1  h o u r .  

S a m p l e s   of   t h e   t r e a t e d   and  u n t r e a t e d   TMP  w e r e   t h e n   r e f i n e d  

to  c o m p a r a b l e   f r e e n e s s   l e v e l s ,   and  t h e   p u l p   p r o p e r t i e s  

m e a s u r e d   a f t e r   l a t e n c y   r e m o v a l   a t   90°C  f o r   15  m i n u t e s .   P o w e r  

c o n s u m p t i o n s   and  t he   c o r r e s p o n d i n g   p u l p   p r o p e r t i e s   a r e   o u t -  

l i n e d   in   t h e   f o l l o w i n g   T a b l e   I I :  



T h e s e   d a t a   show,   t h a t   by  t r e a t m e n t   a c c o r d i n g  t o   t h e  

p r o c e s s   of   t h e   i n v e n t i o n ,   p o w e r   r e q u i r e m e n t s   to   r e a c h   a  

d e s i r e d   f r e e n e s s   and  d r a i n a g e  t a r g e t   can   be  r e d u c e d   o v e r   20%. 

In  a d d i t i o n   t h e s e   p o w e r  s a v i n g s  a r e   a c c o m p a n i e d   b y  s u b s t a n t i a l  

i m p r o v e m e n t s   in   we t   web  p r o p e r t i e s ,   in   d ry   s t r e n g t h s ,   and  i n  

f i b e r   c o n s o l i d a t i o n .  

E x a m p l e   3 

S o u t h e r n   p i n e   p u l p   f r o m   t h e   p r e s s u r i z e d   f i r s t  s t a g e  

r e f i n e r   of   a  c o m m e r c i a l   n e w s p r i n t   m i l l   was  t r e a t e d   a t   1 4 5 ° C  

f o r   1  h o u r   w i t h  1 0 %   by  w e i g h t   o f   s o d i u m  s u l p h i t e   a t   pH  9 .  

The  r e s u l t i n g   p u l p   was  t h e n   r e f i n e d   a t   p o w e r   i n p u t s   of   19  a n d  

38  h o r s e p o w e r - d a y s   p e r   t o n   in   a  12  i n c h   S p r o u t - W a l d r o n  

r e f i n e r .  

The  u n t r e a t e d   p u l p   was  r e f i n e d  i n   a  l i k e  m a n n e r .   T h e  

p r o p e r t i e s   of   t h e s e   p r o d u c t s   a f t e r   d e l a t e n c y   t r e a t m e n t   a t  

90°C  f o r   15  m i n u t e s ,   a r e  l i s t e d   in   t h e   f o l l o w i n g   T a b l e   I I I :  



T h e s e   d a t a   i l l u s t r a t e   t h e   a p p l i c a t i o n   of  t he   p r o c e s s  

of  t h e   i n v e n t i o n   to  a  d i f f i c u l t   s p e c i e s ;   s o u t h e r n   p i n e   has   a  

s t i f f e r ,   t h i c k e r   f i b e r   t h a n   s p r u c e   and  in   g e n e r a l   y i e l d s   a  

l o w e r   q u a l i t y   TMP.  H o w e v e r   by  a p p l i c a t i o n   of   t h e   p r o c e s s   o f  

the   i n v e n t i o n ,   a  p r o d u c t   of   e q u a l   or  b e t t e r   q u a l i t y   to  t h a t  

c o n v e n t i o n a l l y   o b t a i n e d   can  be  made ,   w i t h   t h e   f o l l o w i n g  

a d d e d   a d v a n t a g e s .  

1)  L e s s   p o w e r   i s   n e e d e d   to   r e a c h   e q u a l   f r e e n e s s .  

2)  At  e q u a l   p o w e r   i n p u t s ,   t h e   t r e a t e d   p u l p   r e f i n e d  

to  l o w e r   f r e e n e s s ,   w i t h   l a r g e   i m p r o v e m e n t s   in   b o t h   we t   a n d  

dry  p r o p e r t i e s .   B u r s t   and  b r e a k i n g   l e n g t h   a r e   a p p r o x i m a t e l y  

d o u b l e d .  

3)  At  h a l f   t h e   s e c o n d   s t a g e   p o w e r   i n p u t   and  h i g h e r  

f r e e n e s s ,   t h e   t r e a t e d   p r o d u c t   is   s t i l l   s u p e r i o r   to  t h e  

p r o d u c t   d e r i v e d   f rom  u n t r e a t e d   TMP. 

4)  The  p r o c e s s   of  t h e   i n v e n t i o n   r e s u l t s   in  m a j o r  

i m p r o v e m e n t s   in  f i b e r   c o n s o l i d a t i o n   as  shown  by  t h e   d e c r e a s e  

in  wet   c a l i p e r   and  b u l k .  

E x a m p l e   4 

S p r u c e   c h i p s   w e r e   r e f i n e d   in  a  B a u e r   420  open   d i s -  

c h a r g e   r e f i n e r   a t   a  r a t e   of  65  t o n s   p e r   day  and  a  s p e c i f i c  

e n e r g y   of  60  h o r s e p o w e r - d a y s   p e r   t o n .   One  p o r t i o n   of   t h i s  

RMP  was  mixed   w i t h   10%  s o d i u m   s u l p h i t e   a t   pH  9  and  h e a t e d   a t  

145°C  and  50  p s i   p r e s s u r e   f o r   one  h o u r .   Bo th   t r e a t e d   a n d  



u n t r e a t e d   p u l p s   w e r e   f u r t h e r  r e f i n e d   in  a  1 2 - i n c h   S p r o u t -  

W a l d r o n   r e f i n e r   a t   20%  c o n s i s t e n c y .   T h e  r e s u l t i n g  R M P ' s  

had  t h e   p r o p e r t i e s   o u t l i n e d  i n  t h e   f o l l o w i n g  T a b l e   I V ,  

a f t e r   l a t e n c y   r e m o v a l   a t   90°C  f o r   15  m i n u t e s .  

T h i s   e x a m p l e   i l l u s t r a t e s   s e v e r a l   p o i n t s .   The  RMP 

f r o m   t h e   p r i m a r y   r e f i n e r   ( f i r s t   c o l u m n )   r e q u i r e s   a d d i t i o n a l  

a p p l i c a t i o n   of   r e f i n i n g   p o w e r  f o r  t h e   d e v e l o p m e n t  o f  a d e q u a t e  

p r o p e r t i e s .   The  a p p l i c a t i o n   o f  a   f u r t h e r  4 5   h o r s e p o w e r - d a y s  

p e r   t o n   of   r e f i n i n g   p o w e r   r e s u l t s   i n   t h e  g r e a t l y   i m p r o v e d  

p r o p e r t i e s   l i s t e d   in   c o l u m n  2 .   H o w e v e r   a p p l i c a t i o n   o f  t h e  

same  a m o u n t   of   p o w e r   to   an RMP  w h i c h   has   b e e n   t r e a t e d   a c c o r -  

d i n g   to   t h e   p r e s e n t  i n v e n t i o n   r e s u l t s   in   a  p r o d u c t   w i t h   l o w e r  

f r e e n e s s   and  s u p e r i o r   w e t   a n d  d r y   p r o p e r t i e s   ( c o l u m n   3 ) .  

A l t e r n a t i v e l y   by  a p p l i c a t i o n   of   o n l y   32  h o r s e p o w e r   d a y s   p e r  

t on   of   a d d i t i o n a l  r e f i n i n g   p o w e r ,   a  p u l p   i s   p r o d u c e d  w i t h  

c o m p a r a b l e   f r e e n e s s   and   d r a i n a g e  c h a r a c t e r i s t i c s  b u t  s i g n i f i -  

c a n t l y   i m p r o v e d   in   a l l   we t   and   d r y   p r o p e r t i e s ,   shown  i n  

c o l u m n   4 .  

T h i s   i l l u s t r a t e s   t h a t   t h e  p r o c e s s   of   t h e   i n v e n t i o n  

i s   a p p l i c a b l e   to   r e f i n e r   m e c h a n i c a l   p u l p s   a s  w e l l  a s   t h e r m o -  

m e c h a n i c a l   p u l p .  



In  summary   of  t h i s   d i s c l o s u r e ,   t h e   p r e s e n t   i n v e n t i o n  

is   d i r e c t e d   to  t h e   f o r m a t i o n   of  an  i m p r o v e d   m e c h a n i c a l   p u l p  

w h i c h   can  be  u s e d   as  a  s u b s t i t u t e   f o r   c h e m i c a l   p u l p .  

M o d i f i c a t i o n s   a r e   p o s s i b l e   w i t h i n   t he   s c o p e   of  t h i s   i n v e n t i o n .  



1.  A  p r o c e s s   f o r   t h e   f o r m a t i o n  o f   r e f i n e r   p u l p   h a v i n g  

i m p r o v e d   p r o p e r t i e s ,   w h i c h   c o m p r i s e s   t h e   s t e p s   o f  ( a )   s u b j e c -  

t i n g   wood  c h i p s   w h i c h   h a v e   n o t  b e e n   s o f t e n e d . b y   c h e m i c a l   a c t i o n  

to   m e c h a n i c a l   a c t i o n   in  a  d i s c   r e f i n e r   a t   a  t e m p e r a t u r e   b e l o w  

t h e   t h e r m a l   s o f t e n i n g   t e m p e r a t u r e   of   l i g n i n   to   c a u s e   t h e  f o r m a -  

t i o n   o f   a  m e c h a n i c a l   wood  p u l p   c o n s i s t i n g   m a i n l y   o f   s i n g l e  

wood  f i b r e s   a n d  f r a g m e n t s   t h e r e o f ;   (b)  t r e a t i n g   t h e   p u l p   a t  

an  e l e v a t e d   t e m p e r a t u r e   a b o v e  1 1 0 ° C   and  u n d e r  a   s u p e r a t m o s p h e r -  

ic   p r e s s u r e   w i t h   an  a q u e o u s   s o l u t i o n   o f  a   s o l u b l e   s a l t   o f  

s u l f u r o u s   a c i d   c o n t a i n i n g   s u f f i c i e n t   a l k a l i   to   m a i n t a i n   a  p H  

g r e a t e r   t h a n   3  d u r i n g  t h e   t r e a t m e n t ,   s u c h   t r e a t m e n t  b e i n g  

e f f e c t e d   a t   a  t e m p e r a t u r e   and  f o r  a   t i m e   to   e n a b l e   r e a c t i o n  

w i t h   t h e   p u l p   t o   o c c u r   and   t o  p r o d u c e   a  c h e m i c a l l y - t r e a t e d  

p u l p   c a p a b l e   of   f o r m i n g   a  p a p e r   web  h a v i n g   i n c r e a s e d   w e t  

s t r e t c h   and   i m p r o v e d   s t r e s s - s t r a i n   p r o p e r t i e s   w h i l e   r a p i d  

d r a i n a g e   i s   r e t a i n e d ,   s u c h  t r e a t m e n t   b e i n g   e f f e c t e d   a t   a  

t e m p e r a t u r e   and  f o r  a   t i m e   i n s u f f i c i e n t   to   r e s u l t   in   a  t r e a t e d  

p u l p   y i e l d   b e l o w   85%  b y  w e i g h t ;  a n d   (c)  s u b j e c t i n g   t h e  

c h e m i c a l l y - t r e a t e d   p u l p   t o   m e c h a n i c a l   a c t i o n   in   a  d i s c   r e f i n e r  

to   i m p r o v e   t h e   p u l p   q u a l i t y   of   t h e   same  to   p r o v i d e   a  r e f i n e d  

p u l p   h a v i n g   a  C a n a d i a n   S t a n d a r d   F r e e n e s s   o f   50  to   7 0 0 .  

2.  A  p r o c e s s  a s   c l a i m e d   in  c l a i m   1,  in   w h i c h   t h e  

s o l u b l e   s a l t   o f   s u l f u r o u s   a c i d   i s   an  a q u e o u s   s o d i u m   s u l p h i t e  

s o l u t i o n   and   t h e   t r e a t m e n t   s t e p   (b)  i s   e f f e c t e d   a t   a  p u l p  

c o n s i s t e n c y   o f   4  t o   15%  by  w e i g h t   and  a t  a n  a p p l i e d   c h e m i c a l  

c h a r g e   o f   I  t o  2 5 %   by  w e i g h t  o f   s o d i u m   s u l p h i t e   b a s e d   on  p u l p .  

3.  A  p r o c e s s   as  c l a i m e d  i n   c l a i m   2 ,  i n   w h i c h   t h e  

s o d i u m   s u l p h i t e   s o l u t i o n  h a s  a n   i n i t i a l   pH  o f   a b o u t   9  t o  

a b o u t   1 2 .  

4.  A  p r o c e s s   as   c l a i m e d   in   a n y  o n e   o f   c l a i m s  1   to   3,  i n  

w h i c h   t h e   a q u e o u s   s o l u t i o n   o f   a  s o l u b l e  s a l t   o f   s u l f u r o u s   a c i d  

i s   a d d e d   to   t h e   wood   c h i p s   p r i o r   t o   p a s s a g e   of   t h e   l a t t e r  

t h r o u g h   t h e   d i s c   r e f i n e r   i n  s t e p   ( a ) ,   so  t h a t   t h e   a q u e o u s  

s o l u t i o n   i s  i n t e r m i x e d   w i t h   t h e  f i b r e s   a s  t h e y   a r e  f o r m e d .  

5..   A  p r o c e s s   as  c l a i m e d  i n   a n y  o n e   o f   c l a i m s  1   to   4 ,  

in   w h i c h   t h e   t r e a t m e n t   s t e p   ( b ) ' i s   e f f e c t e d   a t   a  t e m p e r a t u r e  

of   130°C   f o r   2  h o u r s   to   1 8 0 ° C   f o r   15  m i n u t e s ,  t h e   t e m p e r a t u r e  

and  t i m e   o f   t r e a t m e n t   b e i n g   e f f e c t e d   to  m a i n t a i n   t h e   y i e l d  

a b o v e   90%  by  w e i g h t .  



6.  A  p r o c e s s   as  c l a i m e d   in   a n y  o n e   o f   c l a i m s   1  to   5 ,  

in   w h i c h   t h e   wood  c h i p s   a r e   s u b j e c t e d   to   s t e a m i n g   a t   a  t e m p e r -  

a t u r e   o f   120°   to   135°C  u n d e r   1  to   2  a t m o s p h e r e s   p r e s s u r e   p r i o r  

to   s t e p   ( a ) .  

7.  A  p r o c e s s   as  c l a i m e d   in   a n y  o n e   of   c l a i m s   1  t o   6,  i n  

w h i c h   s t e p   (a)  i s   e f f e c t e d   a t   a  c o n s i s t e n c y   o f   10  to   40%  b y  

w e i g h t .  

8.  A  p r o c e s s   as  c l a i m e d   in   a n y  o n e   o f   c l a i m s   1  to   7,  i n  

w h i c h   t h e   m e c h a n i c a l   p u l p   r e s u l t i n g   f r o m   s t e p   (a)  c o n s i s t s  

m a i n l y   o f   s i n g l e   wood  f i b r e s   and   f r a g m e n t s   t h e r e o f   of   d i a m e t e r  

l e s s   t h a n   0 . 0 5   mm. 

9.  A  p r o c e s s   as  c l a i m e d   in   a n y  o n e   o f   c l a i m s   1  to   8,  i n  

w h i c h   s t e p   (a)  i s   e f f e c t e d   u n d e r   an  e l e v a t e d   t e m p e r a t u r e   b e l o w  

t h e   t h e r m a l   s o f t e n i n g   t e m p e r a t u r e   of   l i g n i n   and   u n d e r   a  s u p e r -  

a t m o s p h e r i c   p r e s s u r e .  
10.   A  p r o c e s s   as  c l a i m e d   in   a n y  o n e   o f   c l a i m s   1  to   9,  i n  

w h i c h   s t e p   (c)  i s   e f f e c t e d   a t   a  c o n s i s t e n c y   o f   1  to   35%  b y  

w e i g h t .  

11.  A  p r o c e s s   as  c l a i m e d   in   a n y  o n e   o f   c l a i m s   1  to   1 0 ,  

in   w h i c h   s t e p   (c)  i s   e f f e c t e d   to   p r o v i d e   a  r e f i n e r   m e c h a n i c a l  

p u l p   of   a  C a n a d i a n   S t a n d a r d   F r e e n e s s   o f   100  to   400  C . S . F .  

12.  A  p r o c e s s   f o r   t h e   f o r m a t i o n   o f   r e f i n e r   p u l p   s u b -  

s t a n t i a l l y   as  h e r e i n b e f o r e   d e s c r i b e d   w i t h   r e f e r e n c e   to   a n y  o n e  
of   t h e   E x a m p l e s .  

13.  R e f i n e r   p u l p   w h e n e v e r   p r e p a r e d   by  a  p r o c e s s   a s  

c l a i m e d   in   a n y  o n e   of   c l a i m s   1  to   1 2 .  
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